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(57) ABSTRACT 

A communication apparatus including a physical information 
recognizing module, an MAC information recognizing mod 
ule, a coordinating module, and a re-configurable transmit 
ting/receiving module is provided. The physical information 
recognizing module recognizes a set of physical information 
relative to at least one communication network. The MAC 
information recognizing module recognizes a set of MAC 
information relative to the at least one communication net 
work. The coordinating module generates a set of control 
signals selectively based on the set of physical information 
and the set of MAC information. The re-configurable trans 
mitting/receiving module is configured according to the set of 
control signals and is used for transmitting/receiving data via 
the at least one communication network. 

33B 
a is 

a 
  







Patent Application Publication Oct. 23, 2008 Sheet 3 of 9 US 2008/0261537 A1 

  



Patent Application Publication Oct. 23, 2008 Sheet 4 of 9 US 2008/0261537 A1 

40 
N 

403 

Presentation/application Unit e-G 

Network/transport/session Unit e-G 
404 - Coordinating 

: - V- Module 
404B 

Re-configurable MAC Unit e 

402 N MAC Information 
Recognizing Module 

40 Physical Information - - - - 3 - - -- two - - - - - - - - - & 2 - - - - - - - - 

Recognizing Module 

FIG. 4 

  

  

  



Patent Application Publication 

401A 

RF Unit al 
RF Signals 

Oct. 23, 2008 Sheet 5 of 9 

40F 

Converting Digital Baseband "a 
Unit 

401B 

Frequency 
Detector 

401C 

Bandwidth 
Detector 

401D 

RSSI 
Detector 

40E 

SINR 
Estimator 

F.G. 5 

US 2008/0261537 A1 

411A 

s Symbol Rate 
Detector 

41B 

Carrier/timing 
Detector 

411C 

Pilot Signal 
Detector 

Channel 
Fading 
Detector 

411E 

System/user 
Identification 

Detector 
411F 

Modulation 
Detector 

4G 

FEC Detector 

411H 

MIMO 
Detector 

411J 

  

  

  

  

  

  

  

  



Patent Application Publication Oct. 23, 2008 Sheet 6 of 9 US 2008/0261537 A1 

402A 

Pe"P"SE" Protocol 
: T Detector 

402B 

Resource 
Detector 

402C 

Pattern 
Detector 

402D 

Routing/ 
mobility 
Detector 

F.G. 6 

  

  



Patent Application Publication Oct. 23, 2008 Sheet 7 of 9 US 2008/0261537 A1 

40 
N 

Presentation/application Unit e-e 

Transport/session Unit g 

Re-configurable Network Unit 

Re-configurable MAC Unit e-e 

Re-configurable Physical Unit ei 

402 MAC Information 

Recognizing Module 

401 Physical Information 
Recognizing Module 

FG. 7 

403 

Coordinating 
Module 

  

  

  

  

  



US 2008/0261537 A1 Sheet 8 of 9 2008 9 Oct. 23 Patent Application Publication 

8 "?INH 

3LIIIIo, 

EIJERIO'{{{{H JO FILMIO’O ?J?GULIO95) 

FILHO Jo edKL ŒILVO Jo edKL 

ÁBAA OAALKBAA OAAL 
  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  



US 2008/0261537 A1 Oct. 23, 2008 Sheet 9 of 9 Patent Application Publication 

9 
I 

I 

INV 

Atee ore.I3AW 

ŽI 

8 

9 

Aea afts.IeAW 

  

  



US 2008/0261537 A1 

RE-CONFIGURABLE COMMUNICATION 
DEVICE AND MANAGING METHOD 

THEREOF 

0001. This application claim the benefit of U.S. Provi 
sional Application No. 60/913.298, filed on Apr. 23, 2007, for 
which priority is claimed under 35 U.S.C. S 120, the entire 
contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention is related to mobile equip 
ment with re-configurable transceiver and, in particular, to 
cognitive radio. 
0004 2. Description of the Prior Art 
0005 From mid-1980's, many researchers have hoped to 
realize a universal wireless communication system with 3 G 
communication techniques. However, in the past years, the 
universal wireless communication system is not realized. 
Further, to conform to different requirements (such as differ 
ent data rates and different propagation distances) of actual 
applications, various new wireless communication standards 
have also been widely deployed in addition to 3G systems. 
Among so many wireless communication standards, some 
standards may co-exist in the same region or utilize the same 
frequency band. For instance, both Bluetooth and WiFi trans 
mit data via the 2.4 GHz ISM band. 
0006 Although there are diverse standards, regulatory 
institutions in several countries found that most of the radio 
frequency spectrum was inefficiently utilized. For example, 
cellular network bands are overloaded in most parts of the 
world, but amateur radio and paging frequencies are not. To 
increase the overall utility of the radio frequency bands, 
mobile devices capable of operating conforming to multiple 
standards and in multiple bands are desired. 
0007. Unlicensed mobile access (UMA) is a telecommu 
nication system allowing seamless roaming between local 
area networks and wide area networks using a dual-mode 
mobile phone. The local network may be provided based on 
private unlicensed spectrum technologies like Bluetooth or 
802.11, while the wide network is alternatively GSM/GPRS 
or UMTS mobile services. This standard firstly introduces an 
international effort to allow multiple-standard multiple-band 
systems into realistic and ubiquitous wireless applications. 
0008 Software-defined radio (SDR) is considered as a 
means to facilitate the UMA concept. The basic idea of SDR 
is to adjust system parameters of a processor-based platform 
(usually facilitated by digital signal processors to execute 
physical layer transmitting/receiving functions), so that one 
platform can serve multiple system specifications. 
0009 Cognitive radio is an extended concept of SDR. 
More specifically, a cognitive radio is capable of sensing the 
communication environment (e.g. spectrum utility) so that 
the mobile device can self-organize appropriate communica 
tion and networking functions via re-configurable communi 
cation/network processors. With the potential of fully utiliz 
ing spectrum efficiency, cognitive radio has been considered 
as one key technology for future wireless communication and 
ubiquitous networking. 
0010. Up to this moment, most cognitive radio literatures 
deal with the conceptual design, tools, fundamental limits, or 
extremely complicated realization for military applications. 
Moreover, most of the research work is currently focusing on 
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spectrum sensing cognitive radio, particularly in the TV 
bands. Under the concept of cognitive radio, unlicensed users 
are allowed to utilize licensed bands whenever it would not 
cause any interference (by avoiding them whenever legiti 
mate user is sensed). The spectrum sensing cognitive radio 
first detects the unused spectrum, and then captures the best 
available spectrum to meet user communication require 
ments. For spectrum sensing cognitive radio, maintaining 
seamless communication and determining a fair spectrum 
schedule are both important issues. 
0011 Although spectrum sensing cognitive radio has pro 
vided considerable improvements in spectrum utility com 
pared with prior arts, the full cognitive radio taking more 
communication parameters into account is still an essential 
development for future wireless communication. Therefore, 
in this invention, we would like to propose a complete archi 
tecture of terminal devices to realize cognitive radio that fits 
future commercial application scenarios and general conver 
gence of Internet applications. 

SUMMARY OF THE INVENTION 

0012. According to this invention, the concept of cognitive 
radio is generalized toward a complete networking environ 
ment sensing and the leverage of co-existing systems/net 
works. In addition to spectrum efficiency, the overall net 
working efficiency for mobile devices in front of co-existing 
networks is considered and enhanced. Self-organized cogni 
tive radio architectures for terminal devices to fully utilize 
spectrum and co-existing Systems/networks are also pro 
posed. 
0013. One embodiment according to the invention is a 
communication device including a physical information rec 
ognizing module, an MAC information recognizing module, 
a coordinating module, and a re-configurable transmitting/ 
receiving module. The physical information recognizing 
module is used for recognizing a set of physical information 
relative to at least one communication network adjacent to the 
communication device. The MAC information recognizing 
module is used for recognizing a set of MAC information 
relative to the at least one communication network. Based on 
the set of physical information and the set of MAC informa 
tion, the coordinating module generates a set of control sig 
nals. The re-configurable transmitting/receiving module is 
configured according to the set of control signals and used for 
transmitting/receiving data via the at least one communica 
tion network. 
0014. In actual applications, the set of physical informa 
tion and the set of MAC information can respectively include 
one or more possible and observable parameters relative to 
the at least one communication network. For instance, the set 
of physical information can include the carrier frequency, 
band utility rate, received signal strength indication (RSSI), 
or signal-to-interference and noise ratio (SINR) of RF signals 
received from the at least one communication network. The 
set of physical information can also include the symbol rate, 
carrier/timing characteristic, pilot signal, channel fading 
characteristic, modulation parameter, forward error correc 
tion (FEC) type/rate, multiple-input multiple-output (MIMO) 
parameter, or power control characteristic associated with 
digital baseband signals converted from the RF signals. 
0015. On the other side, the set of MAC information can 
include parameters derived from the digital baseband signals, 
Such as multiple access protocol associated with the RF sig 
nals, radio resource allocation of the at least one communi 
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cation network, automatic repeat request (ARQ) pattern of 
the digital baseband signals, routing/mobility characteristic 
associated with the at least one communication network, etc. 
0016 Based on the physical and MAC information, the 
communication device, according to the invention, can be 
configured to adapt to and efficiently utilize co-existing sys 
tems/networks. The advantage and spirit of the invention may 
be understood by the following recitations together with the 
appended drawings. 

BRIEF DESCRIPTION OF THE APPENDED 
DRAWINGS 

0017 FIG. 1 shows a set of operating curves of IEEE 
802.11g communication. 
0018 FIG. 2(A) shows the rate-distance feature of a sys 
tem with two transmission rates as an example. 
0019 FIG. 2(B) shows the maximum allowable interfer 
ence caused by the secondary users to primary users’ system 
at the origin. 
0020 FIG.2(C) shows a secondary user transmission rate/ 
power. 
0021 FIG.3 shows the rate-distance feature of co-existing 
primary/secondary communications. 
0022 FIG. 4 illustrates the basic architecture of a commu 
nication device in one embodiment according to the inven 
tion. 
0023 FIG. 5 shows an exemplary embodiment of the 
physical information recognizing module according to the 
invention. 

0024 FIG. 6 illustrates an exemplary embodiment of the 
MAC information recognizing module according to the 
invention. 

0.025 FIG. 7 illustrates the basic architecture of a commu 
nication device in another embodiment according to the 
invention. 

0026 FIG. 8 summarizes some common cases and corre 
sponding operating parameters of the MAC algorithm. 
0027 FIG. 9 shows the average delay for CBR and ABR 
service. 

DETAILED DESCRIPTION OF THE INVENTION 

0028. Since establishing a universal wireless communica 
tion system governing all kinds of applications requires tre 
mendous and revolutionary efforts in establishing infrastruc 
ture and replacement of billions mobile terminals, an 
intelligent terminal device that can identify the condition of 
Surrounding communication environments (e.g. available 
spectrum, available infrastructure and/or systems at licensed/ 
unlicensed bands) and can adopt communication that meets a 
good service quality (e.g. less delay, jitter, cost, etc.) is desir 
able for future wireless communication. 

0029. From this point of view, the entire communication/ 
networking in the invention is considered as multiple-stan 
dard systems co-existing in time, frequency, and spatial (geo 
graphical location or distance) domains. It is a generalization 
from traditional cognitive radio definition that the secondary 
system is allowed by leveraging idle radio resources (in time 
and/or frequency domain) of the primary user system. In 
other words, the spectrum-efficient cognitive radio is 
extended into the network-efficient self-organized cognitive 
radio. 
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0030) Rate-Distance Feature of Wireless Communication 
0031. Before explaining the re-configurable architecture 
of mobile devices according to the invention, Some observa 
tions relative to the rate-distance nature of wireless commu 
nication are first introduced below. 
0032 Assuming that a primary communication system is 
functioning, a cognitive radio (i.e. the secondary user) can 
explore the channel status and seek for possibility to utilize 
the spectrum for communication. Generally, the channel can 
be modeled as an Elliot-Gilbert channel with two possible 
states: existence of the primary user (a state not allowing the 
secondary user to transmit data), and non-existence of the 
primary user (a state allowing the secondary user to transmit 
data). 
0033. An important and fundamental feature of wireless 
communication systems is the rate-distance relationship, 
which has not drawn much attention in communication 
theory but is critical in state-of-the-art wireless communica 
tion systems. An observation on a realistic IEEE 802.11a/g 
OFDM PHY and MAC has been disclosed in IEEE 802.11 
MAC and PHY Specification, 2003 and is illustrated herein. 
FIG. 1 shows a set of realistic operating curves of IEEE 
802.11g. As shown in FIG. 1, based on the received power 
level, a system will automatically adjust PHY transmission 
rate accordingly, and thus the throughput via MAC. It is a 
common working method in state-of-the-art wireless com 
munication systems. 
0034 Several observations can be concluded based on 
such a realistic operation. First, the system selects the highest 
possible data rate transmission at each received power level. 
Second, when the received power is strong enough, high 
spectral-efficient modulations are selected to yield high 
throughput. For example, at -60 dBm (pretty good received 
power level for IEEE 802.11g/a), 64-QAM and rate 3/4 con 
volutional coding is selected to reach 54 Mbps PHY trans 
mission. On the contrary, at -88 dBm (pretty weak signal 
strength for IEEE 802.11gfa OFDM PHY), QPSK and rate 
1/2 convolutional coding are selected to result in 6 Mbps PHY 
transmission. Third, high spectral efficiency modulations are 
generally more sensitive to interference and noise. In IEEE 
802.11a/g, 64-QAM is very sensitive to the phase noise and 
interference. In other words, for system operating at higher 
rates, it is more vulnerable to interference from primary/ 
secondary systems or co-existing systems. 
0035 Considering the propagation distance between a 
transmitter and a receiver to have one-to-one corresponding 
received power, a new model for Such a rate-distance feature 
of wireless communications can be created. Although short 
term fading might not agree with this mathematical model, 
long-term fading Such as log-normal fading may well follow 
this rate-distance model. The distance herein is considered as 
a measure of received signal power, rather than Euclidean 
distance or propagation distance, to characterize propagation 
factors for networking operation. Consequently, the distance 
means any possible location point with received signal power 
as propagation Euclidean distance under certain long-term 
fading. 
0036 FIG. 2(A) illustrates the rate-distance feature of a 
system with two transmission rates as an example. FIG. 2(B) 
shows the maximum allowable interference caused by the 
secondary users to primary users’ system at the origin. It may 
be generally considered that lower rate transmission is more 
Vulnerable to such interference. Further, as shown in FIG. 
2(C), a secondary user transmission rate/power can be sched 
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uled without affecting primary users. Therefore, ifa cognitive 
radio senses a possible opportunity to transmit data, its trans 
mission rate (and thus power) is determined by the following 
factors: channel capacity in fading channel in terms of rate 
power allocation, interference level induced by co-existing 
operating systems, maximal tolerable interference to “active' 
primary system user(s), and effective “distance' relationship 
among primary and secondary user devices. 
0037 FIG. 2(A) through FIG. 2(C) depict the worst case 
scenario of cognitive radio communication, and more rate 
distance feature can be leveraged as shown in FIG. 3. It is 
assumed that the base station 31 and mobile station 32 in the 
primary system are communicating. The circles labeled as 
33A and 33B represent high-rate and low-rate regions for the 
primary communication, respectively. Due to their effective 
distance, a low transmission rate is selected. Near the bound 
ary of the cell provided by base station 31, there are two 
cognitive radio devices (35 and 36) wishing to establish com 
munication under the low-level interference for the primary 
system. The circles labeled as 37A and 37B represent high 
rate and low-rate regions for the secondary communication, 
respectively. As shown in FIG. 3, high-rate communication 
might be possible between cognitive radios 35 and 36 without 
affecting the primary system, and the interference from the 
active primary system nodes to cognitive radios can be toler 
ated. 
0038. In actual applications, multi-user detection (MUD) 
can be applied here to relieve co-channel interference for at 
least cognitive radios, as the cognitive radios know the com 
munication status of the primary users. From initial synchro 
nization to user identification, everything can be jointly deter 
mined. This idea is not limited to CDMA communication. It 
has been shown that OFDM communications can utilize 
MUD to cancel co-channel interference, even without precise 
knowing of primary users in this scenario. 
0039. Device Architecture and Cognitive Radio Design 
0040. One embodiment according to the invention is a 
communication device; FIG. 4 illustrates its basic architec 
ture. As shown in FIG. 4, the communication device 40 
includes a physical information recognizing module 401, an 
MAC information recognizing module 402, a coordinating 
module 403, a re-configurable transmitting/receiving module 
404, a network/transport/session unit 405, and a presentation/ 
application unit 406. 
0041. The re-configurable transmitting/receiving module 
404 is used for transmitting and receiving data via at least one 
wireless communication network. Further, the re-config 
urable transmitting/receiving module 404 includes a re-con 
figurable physical unit 404A and a re-configurable MAC unit 
404B in this embodiment. 
0042. According to the open systems interconnection 
(OSI) model, functions of a typical communication network 
can be classified into seven layers: physical, data link, net 
work, transport, session, presentation, and application. The 
physical layer is responsible for transmitting raw bits 
between physical network nodes. The transmitting frequency, 
signal Voltage, modulation scheme, and similar low-level 
parameters are specified in this layer. In this embodiment, the 
re-configurable physical unit 404A is used for providing Ser 
vices relative to the physical layer. 
0043. On the other hand, the data link layer responds to 
service requests from the network layer and issues service 
requests to the physical layer. More specifically, the data link 
layer provides functional and procedural means to transfer 
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data between network entities and might provide means to 
detect/correct errors that may occur in the physical layer. The 
format of data frames is specified in this layer. The re-con 
figurable MAC unit 404B shown in FIG. 4 is used for provid 
ing services relative to the data link layer. 
0044) Moreover, the network/transport/session unit 405 
accounts for the services relative to the network, transport, 
and session layers in the communication device 40. The pre 
sentation/application unit 406 provides the services relative 
to the presentation and application layers in the communica 
tion device 40. 

0045. The coordinating module 403 respectively receives 
information provided by the physical information recogniz 
ing module 401 and the MAC information recognizing mod 
ule 402. Subsequently, a set of control signals is generated 
selectively based on the received information. In this embodi 
ment, based on the set of control signals, one or more soft 
ware/firmware/hardware providing services of the physical 
and data link layers is configured. 
0046. The physical information recognizing module 401 

is used for recognizing a set of physical information relative 
to wired and/or wireless communication network(s) adjacent 
to the communication device 40. Similarly, the MAC infor 
mation recognizing module 402 is used for recognizing a set 
of MAC information relative to the communication networks. 

0047. In actual applications, the physical information rec 
ognizing module 401 can include an RF unit for receiving RF 
signals from the communication network(s) and deriving the 
set of physical information from the RF signals. FIG.5 shows 
an exemplary embodiment of the physical information rec 
ognizing module 401. In this example, the RF signals 
received by the RF unit 401A can then be respectively trans 
mitted to a frequency detector 401B, a bandwidth detector 
401C, a received signal strength indication (RSSI) detector 
401D, and a signal-to-interference and noise ratio (SINR) 
estimator 401 E. 

0048. As implied by the name, the frequency detector 
401B is used for detecting the carrier frequencies of the RF 
signals, and the bandwidth detector 401C is used for detecting 
a spectrum utility rate of the at least one communication 
network based on the RF signals. The RSSI detector 401D 
detects an RSSI of the RF signals, and the SINR estimator 
401E estimates an SINR of the RF signals. 
0049 Moreover, the RF signals received by the RF unit 
401A can also be transmitted to a converting unit 401F for 
converting the RF signals into digital baseband signals. As 
shown in FIG. 5, the physical information recognizing mod 
ule 401 can further include a symbol rate detector 411A, a 
carrier/timing detector 411B, a pilot signal detector 411C, a 
channel fading detector 411D, a system/user identification 
detector 411E, a modulation detector 411F, a forward error 
correction (FEC) detector 411G, a multiple-input multiple 
output (MIMO) detector 411H, and a power detector 411J. 
0050. The symbol rate detector 411A detects the symbol 
rates of the digital baseband signals. The carrier/timing detec 
tor 411B detects the carrier/timing characteristic of the digital 
baseband signals. The pilot signal detector 411C detects the 
pilot signal in the digital baseband signals. The channel fad 
ing detector 411D detects the channel fading characteristic 
relative to the digital baseband signals. The system/user iden 
tification detector 411E detects the system/user identification 
of the at least one communication network based on the 
digital baseband signals. 
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0051. The modulation detector 411F detects the modula 
tion parameter of the digital baseband signals. The FEC 
detector 411G detects the FEC type/rate of the digital base 
band signals. The MIMO detector 411H detects the MIMO 
parameter associated with the digital baseband signals. The 
power detector 411J detects the power control characteristic 
associated with the digital baseband signals. 
0052 According to the invention, the physical informa 
tion recognizing module 401 can also include only one or a 
few of the detectors shown in FIG. 5. All the results detected 
by the detectors shown in FIG. 5 can be selectively included 
in the set of physical information generated by the physical 
information recognizing module 401. It can be obviously 
seen that a variety of important factors, in addition to spec 
trum utility, are considered in the coordinating module 403. 
0053. Further, the information generated by the detectors 
in FIG. 5 is relative to the operation or configuration of the 
re-configurable physical unit 404A. Therefore, the compo 
nents in the re-configurable physical unit 404A, such as front 
end circuits, can be configured according to the set of physical 
information. For instance, a part of the re-configurable physi 
cal unit 404A can be implemented with the software-defined 
radio (SDR). Based on the decision of the coordinating mod 
ule 403, the SDR is configured to have appropriate transceiver 
parameters. 
0054 Inactual applications, the RF unit 401A can include 
several sub-band antennas and RF devices to cover the pos 
sible frequency ranges. The re-configurable physical unit 
404A usually includes a similar RF unit for transmitting/ 
receiving data. Hence, in practical applications, the physical 
information recognizing module 401 and the re-configurable 
physical unit 404A can share the RF unit. 
0055 As shown in FIG. 4, besides the information gath 
ered by the physical information recognizing module 401, the 
coordinating module 403 also receives information provided 
by the MAC information recognizing module 402. FIG. 6 
illustrates an exemplary embodiment of the MAC informa 
tion recognizing module 402. In this example, the MAC infor 
mation recognizing module 402 is coupled to the converting 
unit 401F and includes a protocol detector 402A, a resource 
detector 402B, a pattern detector 402C, and a routing/mobil 
ity detector 402D. 
0056. The four detectors respectively receive the digital 
baseband signals generated by the converting unit 401F in 
FIG. 5. Based on the digital baseband signals, the protocol 
detector 402A can detect the multiple access protocol asso 
ciated with the RF signals. The resource detector 402B 
detects the radio resource allocation (e.g. time slot, Sub-car 
rier, or code) of the at least one communication network based 
on the digital baseband signals. Also as implied by the name, 
the pattern detector 402C is used for detecting the automatic 
repeat request (ARQ) pattern and/or the traffic pattern (e.g. 
ABR, CBR, or VBR) of the digital baseband signals; the 
routing/mobility detector 402D is used for deriving, from the 
digital baseband signals, the routing/mobility characteristic 
associated with the at least one communication network. 
0057 According to the invention, the MAC information 
recognizing module 402 can also include only one or a few of 
the detectors shown in FIG. 6. All the results detected by the 
detectors shown in FIG. 6 can be selectively included in the 
set of MAC information generated by the MAC information 
recognizing module 402. Based on the detected information, 
the coordinating module 403 can correspondingly generate 
appropriate control signals for configuring the MAC func 
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tions in the re-configurable MAC unit 404B. For instance, the 
coordinating module 403 can determine the best possible 
routing among available systems/networks, and the re-con 
figurable MAC unit 404B can then be adjusted to perform 
proper Subroutines in a universal access protocol machine. 
0.058 A unified MAC algorithm for executing most well 
known access protocols is presented in “A Unified Algorithm 
for Wireless MAC Protocols' reported by C. M. Teng and K. 
C. Chen on Proc. IEEE VTC, 2002. This approach can be 
utilized herein to implement the re-configurable MAC unit 
404B. The table in FIG. 8 summarizes some common cases 
and corresponding operating parameters of the MAC algo 
rithm. 
0059. In actual applications, the coordinating module 403 
can generate the control signals further based on data to be 
transmitted by the re-configurable transmitting/receiving 
module 404. Moreover, the geographical locations of the 
communication device 40 and the other transceivers in adja 
cent communication networks may be considered by the 
coordinating module 403 as well. 
0060. Please refer to FIG. 7, which illustrates another 
embodiment according to the invention. In this embodiment, 
the network/transport/session unit 405 of FIG. 4 is divided 
into two parts: a re-configurable network unit 405A and a 
transport/session unit 405B. The re-configurable network 
unit 405A is used for managing network layer functions for 
the communication device 40 and is capable of being config 
ured by the coordinating module 403, too. For instance, the 
coordinating module 403 can configure the re-configurable 
network unit 405A to meet the requirements about mobility 
management, such as inter-system handoff, systems/network 
cooperation, Switching among systems, or self-organizing 
routing. 
0061. On the other hand, the transport/session unit 405B 
accounts for the services relative to the transport and session 
layers in the communication device 40. Similarly, in other 
embodiments according to the invention, the services of the 
transport, session, presentation, and application layers in the 
communication device 40 can also be made in a re-config 
urable type and overall planed by the coordinating module 
403. 
0062. In summary, the coordinating module 403 can be 
regarded as the brain of the communication device 40. The 
coordinating module 403 not only determines decent access 
network routes based on the recognized information but also 
configures the proper hardware and Software of the commu 
nication device 40. Moreover, the coordinating module 403 
can also maintain user's communication need to the utmost. 
0063 Inter-Systems/Networks Cooperative Communica 
tions 
0064. In prior arts, most typical approaches of self-orga 
nized wireless communications are directed toward topology 
controls of the entire possible networks/systems. The unli 
censed mobile access (UMA) even considers the update of 
infrastructures, which is unpractical. 
0065. As described above, the communication device 40 
according to the invention can determine its routing based 
solely on available information of radio access networks. The 
radio access network hereincan be apart of the digital cellular 
like UMTS terrestrial radio access network (UTRAN), an 
access point of Wireless LANs connected to Internet, a base 
station in WiMAX, or a subscriber station in a mesh network. 
The coordinating module 403 can be used for scheduling the 
networking functions in routing so as to control the quality of 
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service (QoS), and for deciding the appropriate configuration 
of MAC, RF parameters, and parameters of software radio 
communication. 
0066 Traditionally, one mobile device capable of operat 
ing in one system cannot operate in another system, and 
resources of plural systems co-existing in the same area may 
not be evenly distributed; some of the systems may be 
crowded in traffic while the others may have little or no traffic. 
For inter-systems/networks cooperative communications, it 
can be assumed that a plurality of communication systems are 
operating within a certain geographical area and communi 
cation devices can access all operating frequency bands. 
Through cognitive radio according to the invention, possible 
cooperation among these systems is leveraged to improve the 
individual and overall performance. The primary challenge is 
to determine the right cooperation among various combina 
tions of systems to enhance performance or QoS. 
0067. To explain the inter-systems/networks cooperative 
communications according to the invention, a circuit Switch 
ing (CS) network (such as 2G/3G cellular) with n users and 
a packet switching (PS) network (such as WiFi) with n users 
are taken as an example. It can be demonstrated that effective 
routing and enhanced overall network performance can be 
practicable under the condition that these N (n+n) users 
operate in the cognitive mode. 
0068. The channel is assumed lossless, and therefore col 
lision is the only reason that a given packet needs to be 
retransmitted. Handoff is temporarily ignored and thus the 
number of users in the network is also assumed to be rela 
tively steady. 
0069. The first access network (i.e. the CS network) is 
modeled as a multi-server queue with N servers. The service 
rates of N servers are all deterministic and equal to L. A 
certain user is served by one server only and no more than N 
users can be admitted into this network. The second access 
network (i.e. the PS network) is modeled as a single-server 
queued with a multiple access device in front of the server to 
decide which user has the right to access media. The service 
rate of this server is deterministic with rate L, and the mul 
tiple access scheme is assumed to be slotted ALOHA with 
retransmission probability q. 
0070. Two types of traffic are considered in services: CBR 
and ABR (respectively representing voice and data), while 
arrival rates of the same service type are assumed to be equal. 
It is assumed that for CBR, the deterministic arrival rate is , 
the delay bound is 8, and the number of users in the PS 
network is N. Further, it is assumed that for ABR, the poisson 
arrival rate with a mean equal to , and the number of users 
in the PS network N. 
0071. The average delay is measured in the wireless end, 
and the overall performance (EID) is evaluated by calculat 
ing the average delay (D, i=1-N) of all users: 

0072 The overall performance with and without inter 
systems/networks cooperation will be compared later. On the 
other hand, the individual performance of the two access 
networks (EID) and EDI) can be evaluated by calculating 
the average delay for users in the specific network: 

1 k 
EID) = X D. k = 1.2). i=1 
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0073. Because the users may take the cost as a measure of 
performance in practical applications, a cost model can be 
further embedded into the following analysis. Assuming a 
user needs to pay P. dollars to access system k(k-1, 2), the 
average price of all users can be calculated: 

0074 The cognitive radio can route its traffic toward two 
targets: a small enough delay to satisfy the delay bound for 
CBR service and lower average price. The mathematical 
equations for the average delay of a single user are derived 
below: 

0075 (i) CBR via AN1 
0076 For services with arrival rate.<u, this is a D/D/1 
queue, and the delay would be a constant: D =1/u. 
0.077 (ii) ABR via AN1 
0078 For services with arrival rate W-L, this is modeled 
as a M/D/1 queue and the average delay would be: 

- Aa fill 
EIDA) = ill -- 2(pl. - Aa) 

0079 (iii) CBR via AN2 
0080 Assuming in AN2 there are (N-1) other CBR users 
with the same arrival rate and there is no ABR user, the 
average delay can be: 

EIDC2 = 11 - Psic * 4. 
At 2 Ps.c4 

I0081 where q is the retransmission probability and p is 
the probability of successful transmission. For N=1, p. 1, 
while for N->1, p. (1-/..)Ne-). 
I0082 (iv) ABR via AN2 
I0083 Assuming in AN2 there are (N-1) other ABR users 
with the same arrival rate and there is no CBR user, the 
average delay can be: 

EID) = + Pat At 12 Psa4 

I0084 wherein q is the retransmission probability and p is 
the probability of successful transmission. For N=1, p. 1, 
while for N>1, p. exp(- (N-1)). 
I0085. The scenario is evaluated with the following rela 
tionship between different rates: 

- 0.1110.0212. 

I0086 Assuming PaP, the average delay for CBR and 
ABR service is shown in FIG.9 and the unit slot time for delay 
is equal to (1/2). 
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I0087. If the delay bound 8 is set to be 8 time slots, then 
AN2 can take up to 15 CBR services while not maintaining 
appropriate quality. Say n=n=8, N=10, then n=1, n=15, 

D1 { without cooperation 
7.34 with cooperation 

D2 { without cooperation 
2 7.49 with cooperation 

and 

EIP = P + P. - EP, EP = EP (P) = P +5 2 > P + P. = |P). 

0088. In this case, some of the old CBR users in AN1 
would switch to AN2 because of lower price and acceptable 
delay. For ABR users, since there is no delay limit, users in 
AN1 would switch to AN2 until the PS network can no longer 
Support to the point that its throughput starts to decrease. In 
the above numerical example, the effectiveness of coopera 
tive self-organized (by mobile device only) cognitive radio 
networking is successfully verified in consequence. 
0089. As described above, according to this invention, the 
concept of cognitive radio is generalized toward communica 
tion and networking environment sensing to leverage co 
existing systems/networks. In addition to spectrum effi 
ciency, the overall networking efficiency for mobile devices 
in front of co-existing networks can be enhanced. 
0090. A practical architecture design of a self-organized 
cognitive radio based on the rate-distance nature is also dem 
onstrated. The communication device according to the inven 
tion has a precise/novel cognitive radio structure, a corre 
sponding cognitive cycle, a re-configurable MAC design, and 
a coordinator for determining appropriate routing traffic to 
enhance overall utilization and efficiency of wireless net 
works. 
0091. With the example and explanations above, the fea 
tures and spirits of the invention will be hopefully well 
described. Those skilled in the art will readily observe that 
numerous modifications and alterations of the device may be 
made while retaining the teaching of the invention. Accord 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 

What is claimed is: 
1. A communication device, comprising: 
a physical information recognizing module for recognizing 

a set of physical information relative to at least one 
communication network; 

an MAC information recognizing module for recognizing 
a set of MAC information relative to the at least one 
communication network; 

a coordinating module, coupled to the physical informa 
tion recognizing module and the MAC information rec 
ognizing module, for generating a set of control signals 
selectively based on the set of physical information and 
the set of MAC information; and 

a re-configurable transmitting/receiving module, coupled 
to the coordinating module and configured according to 
the set of control signals, for transmitting/receiving data 
via the at least one communication network. 

2. The communication device of claim 1, wherein the 
physical information recognizing module comprises: 
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an RF unit for receiving RF signals from the at least one 
communication network, the set of physical information 
being derived from the RF signals. 

3. The communication device of claim 2, wherein the 
physical information recognizing module further comprises a 
frequency detector for detecting a carrier frequency of the RF 
signals, and the set of physical information comprises the 
carrier frequency. 

4. The communication device of claim 2, wherein the 
physical information recognizing module further comprises a 
bandwidth detector for detecting a band utility rate of the at 
least one communication network based on the RF signals, 
and the set of physical information comprises the band utility 
rate. 

5. The communication device of claim 2, wherein the 
physical information recognizing module further comprises a 
received signal strength indication (RSSI) detector for detect 
ing an RSSI of the RF signals, and the set of physical infor 
mation comprises the RSSI. 

6. The communication device of claim 2, wherein the 
physical information recognizing module further comprises a 
signal-to-interference and noise ratio (SINR) estimator for 
estimating an SINR of the RF signals, and the set of physical 
information comprises the SINR. 

7. The communication device of claim 2, wherein the 
physical information recognizing module further comprises: 

a converting unit, coupled to the RF unit, for converting the 
RF signals into digital baseband signals. 

8. The communication device of claim 7, wherein the 
physical information recognizing module further comprises a 
symbol rate detector for detecting a symbol rate of the digital 
baseband signals, and the set of physical information com 
prises the symbol rate. 

9. The communication device of claim 7, wherein the 
physical information recognizing module further comprises a 
carrier/timing detector for detecting a carrier/timing charac 
teristic of the digital baseband signals, and the set of physical 
information comprises the carrier/timing characteristic. 

10. The communication device of claim 7, wherein the 
physical information recognizing module further comprises a 
pilot signal detector for detecting a pilot signal in the digital 
baseband signals, and the set of physical information com 
prises the pilot signal. 

11. The communication device of claim 7, wherein the 
physical information recognizing module further comprises a 
channel fading detector for detecting a channel fading char 
acteristic relative to the digital baseband signals, and the set of 
physical information comprises the channel fading character 
istic. 

12. The communication device of claim 7, wherein the 
physical information recognizing module further comprises a 
system/user identification detector for detecting a system/ 
user identification of the at least one communication network 
based on the digital baseband signals, and the set of physical 
information comprises the system/user identification. 

13. The communication device of claim 7, wherein the 
physical information recognizing module further comprises a 
modulation detector for detecting a modulation parameter of 
the digital baseband signals, and the set of physical informa 
tion comprises the modulation parameter. 

14. The communication device of claim 7, wherein the 
physical information recognizing module further comprises a 
forward error correction (FEC) detector for detecting an FEC 
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typefrate of the digital baseband signals, and the set of physi 
cal information comprises the FEC typefrate. 

15. The communication device of claim 7, wherein the 
physical information recognizing module further comprises a 
multiple-input multiple-output (MIMO) detector for detect 
ing an MIMO parameter associated with the digital baseband 
signals, and the set of physical information comprises the 
MIMO parameter. 

16. The communication device of claim 7, wherein the 
physical information recognizing module further comprises a 
power detector for detecting a power control characteristic 
associated with the digital baseband signals, and the set of 
physical information comprises the power control character 
istic. 

17. The communication device of claim 7, wherein the 
MAC information recognizing module is also coupled to the 
converting unit; the MAC information recognizing module 
receives the digital baseband signals and derives the set of 
MAC information from the digital baseband signals. 

18. The communication device of claim 17, wherein the 
MAC information recognizing module comprises a protocol 
detector for detecting, based on the digital baseband signals, 
a multiple access protocol associated with the RF signals, and 
the set of MAC information comprises the multiple access 
protocol. 

19. The communication device of claim 17, wherein the 
MAC information recognizing module comprises a resource 
detector for detecting a radio resource allocation of the at least 
one communication network based on the digital baseband 
signals, and the set of MAC information comprises the radio 
resource allocation. 

20. The communication device of claim 17, wherein the 
MAC information recognizing module comprises a pattern 
detector for detecting an automatic repeat request (ARQ) 
pattern and/or a traffic pattern of the digital baseband signals, 
and the set of MAC information comprises the ARQ pattern 
and/or the traffic pattern. 

21. The communication device of claim 17, wherein the 
MAC information recognizing module comprises a routing/ 
mobility detector for deriving a routing/mobility characteris 
tic associated with the at least one communication network 
from the digital baseband signals, and the set of MAC infor 
mation comprises the routing/mobility characteristic. 

22. The communication device of claim 1, wherein the 
coordinating module generates the set of control signals fur 
ther based on data to be transmitted by the re-configurable 
transmitting/receiving module. 

23. The communication device of claim 1, wherein the 
coordinating module generates the set of control signals fur 
ther based on a first location of the communication device 
and/or a second location of a transceiver in the at least one 
communication network. 

24. The communication device of claim 1, wherein the 
re-configurable transmitting/receiving module comprises: 

a re-configurable physical unit, configured according to the 
set of control signals, for transmitting/receiving physical 
signals for the communication device; and 

a re-configurable MAC unit, configured according to the 
set of control signals, for managing MAC functions for 
the communication device. 

25. The communication device of claim 1, wherein the 
re-configurable transmitting/receiving module comprises: 
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a re-configurable network unit, configured according to the 
set of control signals, for managing network functions 
for the communication device; 

wherein the set of control signals is relative to at least one 
selected from the group consisting of a decision about inter 
system handoff, a decision of cooperative systems/networks, 
a decision about Switching among systems, and a decision of 
Self-organizing routing. 

26. The communication device of claim 1, wherein the set 
of control signals is relative to settings at a transport-layer 
unit, a session-layer unit, a presentation-layer unit, or an 
application-layer unit of the communication device. 

27. The communication device of claim 1, wherein the at 
least one communication network comprises a wired network 
and/or a wireless network. 

28. A method for managing a communication device, com 
prising the steps of: 

recognizing a set of physical information relative to at least 
one communication network; 

recognizing a set of MAC information relative to the at 
least one communication network; 

generating a set of control signals selectively based on the 
set of physical information and the set of MAC informa 
tion; and 

based on the set of control signals, configuring a re-con 
figurable transmitting/receiving module in the commu 
nication device, the re-configurable transmitting/receiv 
ing module being used for transmitting/receiving data 
via the at least one communication network. 

29. The method of claim 28, wherein the set of physical 
information comprises at least one selected from the group 
consisting of a carrier frequency of an RF signal in the at least 
one communication network, abandwidth utility rate of the at 
least one communication network, a received signal strength 
indication (RSSI) of tie RF signals, and a signal-to-interfer 
ence and noise ratio (SINR) of the RF signals. 

30. The method of claim 28, further comprising the step of: 
converting an RF signal in the at least one communication 

network into digital baseband signals; 
wherein the set of physical information comprises at least one 
selected from the group consisting of a symbol rate of the 
digital baseband signals, a carrier/timing characteristic of the 
digital baseband signals, a pilot signal in the digital baseband 
signals, a channel fading characteristic relative to the digital 
baseband signals, a system/user identification of the at least 
one communication network, a modulation parameter of the 
digital baseband signals, a forward error correction (FEC) 
typefrate of the digital baseband signals, a multiple-input 
multiple-output (MIMO) parameter associated with the digi 
tal baseband signals, and a power control characteristic asso 
ciated with the digital baseband signals. 

31. The method of claim 30, wherein the set of MAC 
information is derived from the digital baseband signals, and 
the set of MAC information comprises at least one selected 
from the group consisting of a multiple access protocol asso 
ciated with the RF signals, a radio resource allocation of the 
at least one communication network, an automatic repeat 
request (ARQ) pattern and/or a traffic pattern of the digital 
baseband signals, and a routing/mobility characteristic asso 
ciated with the at least one communication network. 

32. The method of claim 28, wherein the set of control 
signals is generated further based on data to be transmitted by 
the re-configurable transmitting/receiving module. 
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33. The method of claim 28, wherein the set of control 
signals is generated further based on a first location of the 
communication device and/or a second location of a trans 
ceiver in the at least one communication network. 

34. The method of claim 28, wherein the set of control 
signals is relative to at least one selected from the group 
consisting of a decision about inter-system handoff, a deci 
sion of cooperative systems/networks, a decision about 
Switching among systems, and a decision of self-organizing 
routing. 
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35. The method of claim 28, wherein the at least one 
communication network comprises a wired network and/or a 
wireless network. 

36. The method of claim 28, wherein the set of control 
signals is relative to settings at a transport-layer unit, a ses 
Sion-layer unit, a presentation-layer unit, or an application 
layer unit of the communication device. 

c c c c c 


